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In the past few years, the efficiency of organic-inorganic hybrid perovskite solar 
cells (PSCs) has zoomed from 3.8% in 2009 to the current world record of 22.1%. 
The rapid improvement has been attributed to exceptional photoelectric properties of 
perovskite materials, including adjustable bandgap, ambipolar charge transport, quite 
long electron and hole diffusion length, high light absorption coefficient. Besides the 
high power conversion efficiency, the perovskite solar cells possess low cost and 
solution processability, making them a promising candidate to replace the existing 
commercial PV technologies.  
High quality perovskite films are prerequisite for achieving high performance 
PSCs. Solvent engineering, which introduces DMSO into perovskite precursor 
solution and can produce high quality perovskite films with large grains and no 
pinholes, has received increasing attention. However, previous studies have 
demonstrated that the ratio of PbI2/DMSO in the precursor solution must be 
constrained to a quite narrow window around 1:1 for high quality perovskite films. At 
present, it was still unclear why the ratio of PbI2/DMSO could not been enlarged. 
Besides, the composition of crucial intermediate was just speculated by XRD, FTIR 
and element analysis, and its detailed structure is still unclear. Thus, understanding the 
impact of DMSO on perovskite film quality from the molecule level was conducive to 
both further optimizing the solvent engineering and developing a new method to 
deposit the perovskite films. 
The stability and reproducibility of PSCs have been major obstacles towards their 
industrialization. The pure perovskite compounds that is suitable for PV applications, 
primarily MAPbX3, FAPbX3 and CsPbX3 (X = Br- , I-), show numerous disadvan- 
tages. Recently, mixing cations and halides has become an important design principle 
to achieve perovskite compounds with improved thermal and structural stability. 
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